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$\frac{Dq}{Dt}\equiv\frac{\partial q}{\partial t}+\frac{1}{a^{2}}(\frac{\partial\psi}{\partial\lambda}\frac{\partial q}{\partial\mu}-\frac{\partial\psi}{\partial\mu}\frac{\partial q}{\partial\lambda})=0$ . (1)
, $q\equiv\nabla^{2}\psi$ : , $\psi(\lambda, \mu, t)$ : , $t$ : , $\lambda$ : , $\mu\equiv\sin\phi$ : , $a$ : ,
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, , $Q_{k}$ $R_{k}$
$(k=1,2, \cdots, n)$ .
,
. $(\lambda, \mu)$ , QO (
) $r_{k}(\lambda, \mu)$ . $r_{k}$ $S$ :
$S \equiv-\sum_{k=1}\langle rk\log rk\rangle$
. (2)
, ,
$\langle A\rangle\equiv\frac{1}{4\pi}\int_{-1}^{1}\int_{0}^{2\pi}A(\lambda, \mu)d\lambda d\mu$, (3)
. , , ,
$Q_{k}(k=1,2, \cdots, n)$ . ,
q-:
$\overline{q}(\lambda, \mu)\equiv k\sum_{=1}$
Qkrk $(\lambda, \mu)$ , (4)
.
, rk
$\text{ ^{ } }$ . , $r_{k}$ q- $S$
rk
2.8
$r_{k}(\lambda, \mu)$ , q-
:
1. $r_{k}$ ,
$r_{k}(\lambda, \mu)\geq 0,$ $\forall k$ , in , (5)
$\ovalbox{\tt\small REJECT} r_{k}(\lambda, \mu)=1$ , in . (6)
$k=1$
2. ,
$\langle r_{k}\rangle=R_{k},$ $\forall k$ . (7)
3. ,
$M_{l}\equiv\langle \mathrm{Y}\iota\overline{q}\rangle=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.$, for $l=1,2,3$ . (8)
,
$\mathrm{Y}_{1}\equiv\mu,$









$t\iota \text{ }$ :
$r_{k}= \frac{\exp\{-Qk(\sum_{\mathrm{t}=}^{3}1\alpha_{\mathrm{t}}\mathrm{Y}l-\beta\overline{\psi})-\gamma k\}}{\sum_{i=1}^{n}\exp\{-Qk(\sum_{l}^{3}=1\alpha l\mathrm{Y}_{l}-\beta\overline{\psi})-\gamma_{k}\}}$ . (11)
, $\alpha_{\iota}(l=1,2,3),$ $\beta,\gamma_{k}(k=1,2, \cdots, n)$ (7),(8) (10)
. , , rk \alpha l, $\beta,$ $\gamma_{k}$
(7) $,(8)$ (10) ,





(Sommeria and Robert, 1992). , , ,
$Q_{k}$ $n$ , . ,
,
. , .
1. rr^k, $\hat{q}\iota$ , $r_{k},\overline{q}$ $\hat{r}_{k},\hat{q}_{l}$ , $r_{k}$ , q-
.




, . , q- (8),(10) ,




$\langle\tilde{\mathrm{Y}}_{l}\tilde{\mathrm{Y}}_{l}’\rangle=\delta ll’$ , (13)
166
. $L$ , . , (9)
$(l=1,2,3)$ ,
$\mathrm{Y}_{l}=\sqrt{3}\tilde{\mathrm{Y}}_{l}$ , $(l=1,2,3)$ , (14)
. , q-
(12) $l\mathrm{B}^{\grave{\grave{\mathrm{a}}}}l=1$ . ,
$0$ . ,
$\langle\overline{q}\rangle=0$ , ( , $\tilde{\mathrm{Y}}_{0}$
, $0$ ).
q- , (8) ,
$q_{l}=$ const $\equiv q_{l0}$ , $(l=1,2,3)$ , (15)
. , ,
$\frac{1}{2}\sum_{l=1}^{L}\frac{|q_{l}|^{2}}{n\iota(n\iota+1)}$ , (16)
. , $n_{l}\text{ }\tilde{\mathrm{Y}}\iota$ , $q\iota 0$ $0$ . , q^l
$q\iota$ , (8), (10) .
$\{$
$q_{l}=q\iota 0$ ’ $(l=1,2,3)$ ,
$q_{l}=\sqrt{E_{0}’/E\prime}\hat{q}_{l}$ , $(l=4,5, \cdots, L)$ ,
(17)
,
$E’ \equiv\frac{1}{2}\sum_{=l4}^{L}\frac{|\hat{q}_{l}|^{2}}{n_{l}(n_{l}+1)}$ , $E_{0}’ \equiv\frac{1}{2}\sum_{l=4}^{L}\frac{|q\iota_{0}|^{2}}{n_{l}(n_{l}+1)}$ , (18)
. , q^l $(l=4,5, \cdots, L)arrow$ $\overline{q}$ , $\overline{q}$
.
, q- , $r_{k}$ :
$r_{k}=R_{k}+Tk \overline{q}+(\hat{r}_{k}-\langle\hat{r}k\rangle)-Rk,\sum_{=k1}^{n}(\hat{r}k’-\langle\hat{r}_{k’}\rangle)-\tau k,\sum k=n1QkJ(\hat{r}_{k’}-\langle\hat{r}_{k}’\rangle)$ . (19)
, $T_{k}$
$\sum_{k=1}T_{k}=0$






(19) $r_{k}$ (6), (7) (4)
( $\sum_{k=1}^{n}R_{k}=1$ $\langle\overline{q}\rangle=0$ ).
167
322
r^k $(\lambda, \mu)$ , $(\lambda, \mu)$ ,
. , I $\cross$ J $:(\lambda_{i,\mu j}),$ $(i=1,2, \cdots, I;j=1,2, \cdots, J)$ .
, $\lambda_{i}$ :
$\lambda_{i}\equiv\frac{2\pi i}{I}$ , $(i=1,2, \cdots, I)$ , (22)
, $\mu_{j}$ J Legendre $(\mu)$ :
$(\mu)$ $\equiv\frac{1}{2^{J}J!}\frac{d^{J}}{d\mu^{J}}(\mu^{2}-1)^{J}$ , (23)
J \mu (Gauss ) .
,
. , :
$\langle f(\lambda, \mu)\rangle=\sum_{i=1}Ij\sum_{=1}Jw_{j}f(\lambda i, \mu_{j})$ . (24)
, $w_{j}$ Gauss \mu j Gaussian , :





, , – (1982) .
$r_{k}(\lambda, \mu),\hat{r}_{k}(\lambda, \mu)$ ,
$r_{ijk}\equiv r_{k}(\lambda_{i,\mu_{j}}),\hat{r}_{ijk}\equiv r_{k}(\lambda_{i\mu_{j}},),$ $(i=1,2, \cdots, I;j=1,2, \cdots, J)$ , (27)
. , (19) :
$r_{i’j’k}$’ $=$
$R_{k^{\prime+}} \tau_{k’\overline{q}}(\lambda_{i,\mu_{j}})+(\hat{r}i\prime j\prime k^{\prime-}\sum\sum_{ji}wj\hat{r}_{i}jk’)-R_{k}’\sum$
(
$\hat{r}i\prime j\prime k-k\sum ij\sum$
wjfijk)




, . , ,
$r_{k}$ ( rijk $\text{ ^{}\backslash }$ ) , r^
168
. . , $r_{i’j’k’}$ r^
. (28) r^ ,
$\frac{\partial r_{i’}j’’k}{\partial\hat{r}_{ijk}}=(\delta ii’\delta jj’\delta kk^{J}-wj\delta kk’)-R_{k^{\prime(\delta}}\delta_{i}i\prime jj’-w_{j})-^{\tau}k^{\prime Q_{k(\delta}}\delta ii\prime jj’-w_{j})$ . (29)
(17) , $l’=4,5,$ $\cdots L$ ,
$\frac{\partial q_{l’}}{\partial\hat{q}_{l}}=\sqrt{\frac{E_{0}’}{E’}}\delta_{ll’}-\hat{q}_{l^{\prime\sqrt{\frac{E_{0}’}{E}}\frac{1}{2E’}\frac{\partial E’}{\partial\hat{q}_{l}}}},=\sqrt{\frac{E_{0}’}{E’}}(\delta_{l\downarrow’}-\frac{\hat{q}_{l’}}{2E’}\frac{\hat{q}_{l}}{n_{l}(n_{l}+1)})$ , (30)
, (28) $\hat{q}_{l}$ , (12) ,
$\frac{\partial ri\prime j\prime k’}{\partial\hat{q}_{l}}=T_{k^{\prime\sum_{=}^{L}\frac{\partial q_{l’}}{\partial\hat{q}_{l}}}}l’.4\tilde{Y}_{l}’(\lambda_{i}’, \mu_{j’})=T_{k}’\sqrt{\frac{E_{0}’}{E’}}(\tilde{\mathrm{Y}}_{l}(\lambda_{i}’, \mu_{j’})-\frac{\hat{q}_{l}}{2E},,\sum_{l=4}\frac{\hat{q}_{l’}}{n_{l’}(n\iota’+1)}\tilde{\mathrm{Y}}L\iota’(\lambda_{i}’, \mu_{j’}))$ .
(31)
, ,
$\tilde{\psi}(\lambda, \mu)\equiv\sum l=4\text{ }\frac{-\sqrt{\frac{E}{E}\acute{\mathrm{n},}}\hat{q}_{l}}{n_{l}(n\iota+1)}\tilde{\mathrm{Y}}_{\iota}(\lambda,\mu)$, (32)
,
$\frac{\partial r_{ijk}\prime\prime\prime}{\partial\hat{q}_{l}}=T_{k’}(\sqrt{\frac{E_{0}’}{E’}}\tilde{\mathrm{Y}}\iota(\lambda i’, \mu j’)+\frac{\hat{q}_{l}}{2E},\tilde{\psi}(\lambda i’, \mu j;)\mathrm{I}\cdot$ (33)
.
$r_{i’jk}\prime\prime$ r^ , , $r_{k}$
:
$\frac{\partial}{\partial\hat{r}_{ijk}}\sum_{i’}\sum_{j’}\sum k’wj\prime f(ri\prime j\prime k’)$
$=$ $\sum_{i’}\sum_{j’}\sum k\prime w_{j’}\frac{\partial f(r_{ijk}\prime\prime\prime)}{\partial r_{i’jk}},,\frac{\partial r_{i’j}\prime k’}{\partial\hat{r}_{ijk}}$
$=$
$\sum_{*’}.\sum_{j’}\sum_{k\prime}wj’\partial fi;j\prime k’\{(\delta ii’\delta jj^{\prime\delta}kk^{\prime-w\delta_{k}\prime}jk)-R_{k}’(\delta ii’\delta_{jjj}’-w)-\tau k^{\prime Q}k(\delta_{i}i’\delta_{jj}’-w_{j})\}$
$=$
$(w_{j} \partial f_{i}jk-w_{j}\sum\sum_{j’i’}w_{j}’\partial f_{i’}j\prime k)-(wj\sum_{k\prime}Rk’\partial f_{ijj}k’-w\sum_{\prime i}\sum_{j’}\sum_{\prime k}wj\prime R_{k}’\partial\dot{fi}^{J}j’k’)$
$-Qk(wj \sum k’Tk^{\prime\partial}fijk’-w_{j}\sum_{i’}\sum j^{J}\sum_{k’}w_{j’i’}\tau_{k}’\partial fj\prime k^{\prime)}$
$=$ $w_{j} \{(\partial f_{ijk}-\langle\partial f_{k}\rangle)-\sum_{k\prime}R_{k}’(\partial fijk’-\langle\partial f_{k}’\rangle)-Qk\sum_{k\prime}\tau k’(\partial f_{jk}\iota’-\langle\partial f_{k}’\rangle)\}$ .
(34)
, ,
$\partial f_{ijk}\equiv\frac{\partial f(r_{ijk})}{\partial r_{ijk}}$ ,




$\frac{\partial}{\partial\hat{q}l}\sum_{i’j}\sum_{\prime}\sum_{k’}w_{j}\prime f(r_{i}\prime j\prime k’)$
$=$ $\sum_{i’}\sum_{j’}\sum_{k\prime}wj’\frac{\partial f(r_{ij’k}\prime\prime)}{\partial r_{i’jk}},,\frac{\partial r_{i’j’k}\prime}{\partial\hat{q}l}$













$f$ (rijk) , $f$ (rijk) $=$ -rijk $\log$ rijk , S
. , , $\partial fijk\text{ }\partial fijk=-(\log rijk+1)$ . ,
(5) ,
$r_{k}$ , S




$q(\lambda$ , \mu $)$ =q0(\mu )+( ), (38)
$q_{0}(\mu)\equiv\Omega[2\mu-12_{C}3\tilde{P}3(\mu)]$ . (39)
. , $\Omega=2\pi,$ $C_{3}=-0.07$ ( ), $\tilde{P}_{3}(\mu)\overline{=}\sqrt{7}/2(5\mu^{3}-3\mu)$ (2
3 Legendre ), . , \Omega
, . 1 ,
. (a) $q(\lambda, \mu)$ $(\lambda, \mu)$ 2
, , (b) $q(\lambda, \mu)$ \mbox{\boldmath $\lambda$} ,





\wedge ( $7\sim$ $\mathrm{q}$ $(\wedge 1l’$
1: . (a): 2 , (b):\mbox{\boldmath $\lambda$}- .
4.1
, \mbox{\boldmath $\lambda$} $I=32$ , \mu $J=16$ .
, \mu , $Q_{k}$ $n=16$ . , $q0(\mu)$ , $\mu$
\mu j ,
$Q_{k}=q_{0}(\mu k)$ , $(k=1,2, \cdots, n)$ , (40)
. , $Q_{k}$ $R_{k}$ , Gaussian ,
$R_{k}=Iw_{k}$ , $(k=1,2, \cdots, n)$ , (41)
.
. , 3
, , , 3
:
1. , $r_{k}$ rk ,
$D$ . ,
.
2. S , $r_{k}$
,









$\bullet$ , S , $B$ :
$B \equiv\sum_{k}\langle\log r_{k}\rangle$
, (42)
. , 2 .
, (5)
, (cf. , 1994).
$\bullet$ 1 , $B$ .
1. . , $\overline{q}$
, $\hat{q}_{l}$ $q_{l}$ (17) ,
$\{$
$q\iota=q\iota 0$ ’ $(l=1,2,3)$ ,
$q_{l}=\hat{q}\iota$ , $(l=4,5, \cdots, L)$ ,
(43)
. , (36) ,
$\frac{\partial}{\partial\hat{q}_{l}}\sum_{i’}\sum_{j\prime}\sum_{k\prime}wj’f(ri^{r}j\prime k’)=g\iota$ , (44)
.




3. , $E’$ , $E_{0}’$ ,
B .
4. E’ $E_{0}’$ – , 2-3 .
$\bullet$ B . rk
, S , 3
















, . , 10
(T42: $128\cross 64$ grid) :
$\frac{Dq}{Dt}=-\nu_{h}(\mathrm{v}^{2})^{1}0_{q}$ . (45)
, $\nu_{h}$ , $1/e$ 0.1
.
, , ( )
, ,
( ) , ( )
,
(Sommeria, Staquet







$(\overline{q}(\lambda, \mu))$ , (b)
.
.‘
, $-0.5<\mu<0.5$ 2 ,
. ,
, 2 Rossby
, . , $|\mu|>0.5$ , (b)
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(a) (b)
A( $7\sim$ A( $\mathrm{X}71$
3: . (a): , (b): $(t=100)$ .
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